Nous estimons la disponibilité à payer pour la qualité de l'eau du robinet sur des données d'enquête de 10 pays de l'OCDE. Nos résultats indiquent que les ménages sont prêts à accepter une augmentation de 7,5% de leur facture annuelle afin d'améliorer la qualité de l'eau. Les dispositions à payer (en pourcentage de la facture médiane dans le pays considéré) sont plus élevées dans les pays où les ménages craignent que la mauvaise qualité de l'eau potable ait un impact sur la santé. Ainsi, les ménages du Mexique, de Corée et d'Italie sont prêts à accepter une augmentation de 10,1%, 6,4% et 8,8% de leur facture annuelle pour améliorer la qualité de l'eau du robinet. Enfin, nos résultats montrent que la disponibilité à payer augmente avec le revenu, l'éducation, la sensibilité aux problèmes environnementaux, la confiance dans l'information fournie par le gouvernement et les autorités locales, et les inquiétudes exprimées vis-à-vis de la qualité de l'eau du robinet.
Introduction
A number of studies have documented price and income elasticity of water demand from households in industrialized countries (see Worthington and Hoffman, 2008 , for a recent literature survey). Water quality is rarely considered in demand models, for the main reason that its impact on total water use is likely to be small. A bad water quality is likely to impact only water used for drinking purposes which represents a small share of households' daily consumption. Also, because drinking water quality standards exist and frequent controls of water quality take place in industrialized countries, quality of water provided is good on average and is not a source of major concern. This is in contrast with what happens in the developing world where a number of studies have documented households' willingness to pay (WTP) for access to improved drinking water sources using either contingent valuation methodologies or averting expenditure models. Except for surveys made after specific water contamination incidents (mostly in the US) or studies measuring households' perception of water quality in Canada, there are few studies on households' valuation of improved tap water quality in developed countries. As far as we know, the only study measuring households' WTP for tap water quality outside the context of particular pollution incidents is Abrahams, Hubbell, and Jordan (2000) , who estimate the WTP of households in Georgia (US) for water quality from the observation of their use of water filters and purchases of bottled water. The lower bound of the WTP was estimated at USD 47 per person per year.
We propose to fill this gap by analysing the opinions of households about their tap water and their WTP for improved water quality in a sample of households from ten OECD countries.
The proportion of respondents being satisfied with the quality of water at the tap varies significantly from one country to the other: from 21% in Mexico to 95% in the Netherlands. For those households who declare not being satisfied, the contingent valuation (CV) approach was used to measure respondents' WTP as a maximum percentage increase in their annual water bill. We estimate the WTP in the pooled sample and separately in the three countries for which we have enough observations (Italy, Korea, and Mexico) controlling for the effect of socio-economic and demographic characteristics, as well as environmental attitudes and behaviour, trust in information sources, and respondents' concerns about the health impact and/or taste of their tap water.
The estimation of WTP for better tap water quality provides useful information for policy makers and water service providers which have to decide on the price of water for residential consumption. The price of water has followed an increasing trend in industrialized countries over the last decades mainly because more acute raw water pollution problems have led to an increase in the costs of water treatment. They are expected to increase further since full cost pricing is becoming a more and more common rule (in the European Union for example, countries have to comply with the European Water Framework Directive which requires that water charges cover the costs of supplying water). How much residential customers are willing to pay for better water quality at the tap can thus provide guidance for setting future water prices.
The rest of the paper is organized as follows: Section 2 contains a review of the relevant literature. We describe the survey instrument and the data, and we present some descriptive statistics in the third section. In Section 4, we discuss the estimation procedure and the results. 
Literature review
The WTP for better water quality has usually been elicited from the so-called averting (or defensive) expenditure model. The idea underlying the averting behaviour method (ABM) is that an individual's valuation of an environmental "bad" can be measured through the money spent to defend herself against this bad. For example, households may decide to purchase water filters or bottled water when faced with increased health risks associated with exposure to unsafe drinking water. Both revealed and stated preferences approaches have been used to estimate averting expenditures. The latter is based on households stating how much their expenditure would be under hypothetical scenarios of environmental degradation, while the former calculates actual defensive expenditures by the household. Averting expenditures in response to an environmental "bad" represent a lower bound for WTP for reductions in environmental degradation, which itself provides decision-makers with a minimum criterion for cost-benefit comparisons (Courant and Porter, 1981; Abrahams, Hubbell and Jordan, 2000; Birol, Koundouri and Kountoris, 2008) .
Most studies focus on ex post valuation of clean-up of specific types of water contaminants after an incident of drinking water pollution. A first group of studies have analysed households' WTP for reducing the concentration of bacteria or contaminating industrial pollutants to the public standard for drinking water quality (Harrington, Krupnick and Spofford, 1989; Abdalla, Roach and Epp, 1992; Laughland et al. 1996; Dupont, 2005) . For example, averting behaviour decisions were used to approximate the economic costs to households in a South Eastern Pennsylvania community affected by groundwater contamination in the late eighties (Abdalla, Roach and Epp, 1992) . Different actions to avoid exposure to the contaminated water were taken by the surveyed households: (1) purchasing Documents de Travail du Centre d'Economie de la Sorbonne -2010.51 halshs-00497453, version 1 -5 Jul 2010 6 bottled water, (2) installing home water treatment systems, (3) hauling water from alternate sources, and (4) boiling water. The induced costs were computed from cash expenditures on averting inputs (bottled water, water treatment systems) and the respondent's opportunity cost of time. The results indicate that households' knowledge of contamination, perception of risk, and presence of children determine whether they undertake averting actions, and that their expenditure levels are higher if young children are present. In Canada, the averting expenditure method was applied to study the use of home filtration systems and purchase of bottled water after the contamination of water by bacteria in a small agricultural community in Ontario (seven people were killed after water was contaminated by manure that entered the water system upstream). Monthly amounts spent on bottled water ranged between USD 1 and USD 60 with a mean household amount of about USD 15 (Dupont, 2005) . A second group of studies have focused on water pollution by agricultural chemical residues (see, for example, Poe and Bishop, 1999; Sun, Bergstrom and Dorfman, 1992; Jordan and Elnagheeb, 1993; Crutchfield, Cooper and Hellerstein, 1997) . This last group of studies yield a higher range of estimates of WTP for water quality, often because there are multiple pollutants (pesticides and nitrates), some of which have irreversible effects, 1 and the source concerned is groundwater.
The WTP for improved water quality is usually found to vary across households, depending on their socio-economic characteristics (age, level of education, income, household composition) but also on their perception of risk. Some argue that perceived risk should be preferred to objective risk (Um, Kwak, and Kim, 2002; Whitehead, 2006) , but the perceived risk may potentially be endogenous if some unobserved variables determine both perceived risk and willingness to pay to avoid this risk, and then researchers may face the traditional omitted variables problem (Whitehead, 2006) . The minimum values that the citizens in Pusan, 7 Korea, are willing to pay for the change of suspended solid concentration in tap water was found to be higher when perceived risk was used instead of objective risk -the values increased from an interval of USD 0.07 -USD 1.70 to USD 4.2 -USD 6.1 (Um, Kwak, Kim, 2002) . In a CV study in the Neuse River in North Carolina, USA, the WTP was reduced from USD 254 to USD 19 as drinking water quality perceptions increased from "poor" to "excellent" (Whitehead, 2006) . 2 Attitudinal characteristics have been less frequently considered, with the exception of Luzar and Cosse (1998) , who incorporate the influence of a subjective norm and a measure of the individual's attitudes towards the state of the environment (including water).
The study that comes closest to ours in the sense that it estimates a general WTP for better water quality (i.e., the survey was not intended to study households' behaviour after some specific contamination problem) is Abrahams, Hubbell, and Jordan (2000) . These authors estimate the effects of risk perceptions, information about risk, and perceived water quality on the use of water filters and purchases of bottled water in Georgia. In this study, the decision to undertake averting behaviour is modelled as a function of notification of local water problems, risk perception, concern about water quality (as measured by a composite index of taste, odour, and appearance) and socio-economic variables including race, education, children under 18 and income. The authors demonstrate that respondents spend on average USD 2.21 for bottled water purchases per capita per week. The results indicate that concern about the safety (risk perception) and the quality of tap water are important determinants in 2 If risk perception in a broad sense has been extensively studied (see Camerer, 1995 , or Slovic, 2000 , for comprehensive surveys), studies trying to identify factors influencing risk perception related to water consumption are still scarce and their findings not really conclusive. Several studies have been made in Canada, see Dupont (2005) for a review. In this country, there is evidence that an aesthetic problem (an unpleasant odour or taste, for example) usually is perceived as a potential health risk (Jardine, Gibson and Hrudey, 1999) . It has further been shown that the taste of water and its source (lake, rivers, groundwater) influence the perception of water quality (Levallois, Grondin and Gingras, 1999) . Other factors that influence the perception of water quality are age, income, and distance to the water treatment facility (Turgeon et al., 2004) . Finally, demographic factors were found to play a minor role in determining risk perceptions of water quality in Gaston County, North Carolina, USA (Danielson et al., 1995) . (a) Abdalla, Roach and Epp (1992) estimate WTP for reducing the contaminating pollutant (per-and trichloroethylene) to the public drinking water standard levels (in a south-eastern Pennsylvania community, USA).
(b) Abrahams, Hubbell and Jordan (2000) study the effects of risk perceptions, risk information, and perceived water quality on the choice to use water filters or bottled water in Georgia, USA. The survey was conducted in Georgia to study WTP for water quality provisions of the Safe Drinking Water Act. (c) Dupont (2005) uses surveys on quality perceptions of municipally supplied tap water after the shock following the widespread illnesses caused by the presence of bacteria in drinking water.
(d) Laughland et al. (1996) estimate WTP for reducing the contaminating pollutant (the parasite Giardia lamblia) to the public drinking water standard levels in the USA. (e) Um, Kwak, and Kim (2002) estimate the WTP of Korean citizens for the change of suspended solid concentration in tap water (to improve the tap water to acceptable levels of pollution), using the conventional and perception ABM. (f) Benson (2006) uses a CV survey in order to measure the benefits of improved water quality in the Opequon watershed (an area of Virginia, USA). This area is classified as impaired due to violation of bacteria standards.
(g) Crutchfield, Cooper and Hellerstein (1997) use CV to value the reduction of nitrate levels in drinking water to safe levels and to completely nitrate-free levels in four regions of the US. (h) Jordan and Elnagheeb (1993) do CV on a sample of respondents in Georgia, USA, to value the increase above their normal bill that households would pay for a nitrate reduction in groundwater (the main source of drinking water in the region). We report the median WTP for households on public systems and for households using private wells.
(i) Kwak, Lee and Russell (1997) concentrate on drinking water in Korea (municipal and domestic water supply). Respondents are asked if they would need to be compensated for any changes in water quality.
(j) Luzar and Cosse (1998) use data collected from a CV survey of rural residents (USA). The willingness to pay to accept changes in individual and state level water quality is estimated with and without attitudinal explanatory factors.
(k) McConnell and Rosado (2000) estimate the benefits of a discrete improvement in tap water quality in Espírito Santo, Brazil, from households' use of different types of water filters.
(l) Poe and Bishop (1999) provide information on the actual nitrate levels in the groundwater to respondents in an area in Wisconsin (where groundwater is the sole drinking water source) and use CV to value a 25% decrease in their exposure levels. The table indicates the maximum value of WTP in a cubic function of the incremental benefits. (m) Powell, Allee and McClintock (1994) investigate the use of CV information as a tool to persuade local government decision makers to implement groundwater protection policies in the USA.
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(n) Schultz and Lindsay (1990) elicit household total WTP for a hypothetical groundwater protection plan in the USA. They use a CV survey during the summer of 1988.
(o) Sun, Bergstrom and Dorfman (1992) use CV to estimate the WTP to reduce pesticide and nitrate contamination of groundwater on a sample of households in Georgia, USA. Their estimate, which is very high, is based on an option value model. The mean value on the sample is USD 641 (the confidence interval is given in the Table) .
(p) Whitehead (2006) estimates the WTP for improved water quality in North Carolina, USA, using a CV survey.
Data and descriptive statistics

The survey instrument
The data come from the 2008 OECD Survey on Household Environmental Behaviour that aimed at collecting new empirical evidence on attitudes, behaviour and environment in five areas: food, energy, waste, water and personal transport. Respondents were also asked a series of questions regarding characteristics of their household (age, composition, education, income), trustworthiness of information sources, and behavioural attitudes or opinions regarding the environment in general. The purpose of this article is to analyze the respondents' willingness to pay for water quality. The specific format of the questions on tap water quality is presented in each relevant section below.
The survey was implemented in 10 OECD countries (Australia, Canada, Czech Republic, France, Italy, Korea, Mexico, Netherlands, Norway and Sweden). About 10000 respondents were recruited using a web-based access panel, managed by a private company that specializes in web-based panels. For further details on the survey, we refer the readers to Web-based surveys are increasingly used as a means to implement targeted surveys at a relatively low cost compared to in-person interviews and are increasingly used in valuation studies (see for example Berrens et al., 2004) . Lindhjem and Navrud (2008) 
Opinions about tap water quality and WTP measures
In the survey, households were asked whether or not they were satisfied with the quality of their tap water and whether or not they were drinking water from the tap. Households who halshs-00497453, version 1 -5 Jul 2010 declared being dissatisfied could indicate whether they were more concerned about taste or health impacts (or neither of these), see Table 2 . Italy is a cultural habit that may not be directly linked to the quality of the water provided at the tap. The reasons for being dissatisfied vary from one country to the other. In the "high quality tap water" group, taste is the major concern (for about two-third of the dissatisfied respondents) while health is the primary concern in the "low quality" group gathering Korea and Mexico. In the "medium quality" group, the concerns are slightly more balanced, except in Italy where the health concern dominates. These simple statistics indicate that we should expect significantly different WTP for better tap water quality from one country to another.
Only those respondents who declared NOT being satisfied with their tap water were asked how much they would be willing to pay for improvement. More precisely, the analysis of respondents' WTP for better tap water quality is based on the answer to the following question: "What is the maximum percentage increase that you would be willing to pay above your actual water bill to improve the quality of your tap water, holding water consumption constant?". The six possible answers were: (1) nothing, (2) less than 5%, (3) between 5% and 15%, (4) between 16% and 30%, (5) more than 30%, and (97) don't know. On the pooled sample, 34% of the respondents were not willing to pay anything above their actual bill to get improved water quality, 29% were willing to pay less than 5%, 22% were willing to pay between 5 and 15%, 5% of the respondents were willing to pay between 16% and 30%, and 
Descriptive statistics
In addition to health/taste concern, the survey contains information on the respondent's socio- ii) two indicator variables describing whether the respondent devotes time to an environmental organization (variable i_time_orga) and whether the respondent is a member of or has donated money to such organizations (variable i_member_orga).
iii) an index measuring environmental concern in general (not just concerning water quality), that could be interpreted as a proxy for the perception of a general environmental threat. For each of the following environmental issues (waste generation, air pollution, climate change, water pollution, natural resource depletion, genetically modified organisms, endangered use, for each country in our sample. These figures are found to be close enough to country statistics provided by the OECD in 1999 and 2003 to provide good confidence in our data (Tables A4 and A5 in Appendix) . 5 For example, consider that a respondent living alone in a suburban habitat in Mexico has stated that he would be willing to pay as a maximum between 5% and 15% of his water bill to get a better tap water quality. In Mexico, the median annual water bill for a household with two members or less and living in a suburban area is 82 EUR. We thus consider that this respondent is willing to pay 10% x 82 = 8.2 EUR for better tap water quality. species and biodiversity, noise), respondents had to state whether they were not concerned (1), fairly concerned (2), concerned (3), very concerned (4), or had no opinion (5). We calculate the mean score for each respondent on the answers coded from 1 to 4 (we do not consider in the computation the case of answers equal to 5). 6 A higher value of the index indicates a higher degree of environmental consciousness or commitment. 7 iv) trust in government regarding information on environmental issues. Respondents had to rank the following sources of information in terms of their trustworthiness: independent researchers and experts, national/local governments, environmental non-governmental organisations (NGOs), consumers' organisations, and producers' and retailers' associations.
We build a variable (notrust_gov) which corresponds to the rank attributed to national/local governments such that a higher value of the index indicates less confidence.
The list of explanatory factors that are used in the econometric analyses and the sample mean of each variable (for the entire sample and for each country separately) are given in Appendix (Table A2 and Table A3 respectively).
6 See Lam (2006) for a similar approach. We also tried to build an index using Principal Component Analysis (PCA) but the index built following the sample mean approach was found to be more significant in general. Factor analysis would be another possible technique for aggregating answers measured on a Likert scale (Gilg and Barr, 2006) . 7 This index will be treated as a continuous variable, which relies on the underlying assumption that the ordering is linear. In other words, we assume that moving from "not concerned" to "fairly concerned" is equivalent to a move from "fairly concerned" to "concerned". Instead, one could have considered separately the answer to each separate item and build dummy variables corresponding to each answer and each item. This procedure would, however, increase significantly the number of parameters to be estimated in the model. 
Estimation procedure and results
For now, we consider that respondents who are dissatisfied with water quality but "do not know" how much they would be willing to pay for improved water quality, are indeed willing to pay nothing (see Haab and McConnell, 2002) . The sensitivity of our estimates to this assumption will be discussed in the following section. To control for biases induced by the censored nature of the WTP variable, the model is estimated using a Tobit approach. The
Tobit model was first estimated on the pooled data and then separately for each of the three countries with the highest percentage of respondents dissatisfied with their tap water, namely
Italy, Korea and Mexico. The number of observations for the other countries was too small to allow for a country-by-country analysis. Multicollinearity was tested by checking the condition number of the matrix of independent variables (see Belsley, Kuh and Welsch, 1980) . The results are given in Table 3 . a) The prefix i_ indicates a 0/1 variable. b) *, **, *** indicate significance at the 10, 5, and 1 % level, respectively. First, in Model 1 on pooled data, the revenue coefficients are positive and statistically significant at a 1% or 5% level, except for category 5 which represents respondents who did not answer the question on income. Category 1, which gathers the lowest incomes, is the reference category. Compared to revenue category 1, respondents who are members of households who earn higher revenues have a higher WTP for improvement in the drinking water quality. Second, the attitudinal characteristics are found to be significant, with the expected positive signs: respondents with a greater environmental concern as well as respondents who devote time to environmental organization and donate money to such organizations have on average a higher WTP for drinking water quality. 8 Interestingly, trust in information from national or local governments is found to be positively related to the WTP.
Third, the willingness to pay is decreasing with age. This result has been found by several other authors (see for example Abrahams, Hubbell and Jordan, 2000; Um, Kwak and Kim, 2002) , although Luzar and Cosse (1998) suggest the relationship may be nonlinear (they obtain a negative sign on age and a positive sign on age-squared). We tested a nonlinear effect of age but it was not significant, neither in the pooled sample, nor in the country estimations.
Women are found to have a lower willingness to pay for a better drinking water quality, and respondents with a high education level (about 9% of the whole sample) seem to be willing to pay more for water quality. Higher education is normally expected to be positively related to willingness to pay, but previous research does not always find it significant. The results on gender are also mixed in the literature. On the other hand, the presence of young children in the household has been shown to increase the willingness to pay for water quality (Abdalla, Roach and Epp, 1992; Luzar and Cosse, 1998) . In our analysis, though, the presence of young children -or other variables related to the composition of the household -was never significant in the estimations.
The country coefficients are significant (at a level of 1%, 5% or 10%) except for France, Korea and Norway (the reference country is Australia). The country effects should capture differences in the water provision infrastructure, regulatory standards for water quality, and cultural differences or habit in drinking water from the tap. The positive sign and the magnitude of the coefficient for Sweden is surprising. Knowing that WTP in our model is measured in absolute value, the large coefficient for Sweden may be explained by the high drinking water price in this country (a high water price implies a high water bill and hence a high WTP since the latter is stated as a percentage of the water bill) compared to other OECD countries (see Table A5 in Appendix). A recent survey conducted by Istat (2006) indicated that more than a third of Italians do not trust the water supplied by operators and about a sixth complains of irregular water supply (disruptions, shifts in supply, rationing), which may explain the positive sign and the magnitude of the country-specific coefficient for Italy. In Canada, the high country-specific effect may be the consequence of several water contamination incidents in the past that have caused severe casualties. In Mexico, a history of federally subsidized water service and poor financing, while encouraging economic development, has limited the capacity of the government to expand the network, treat water and wastewater, and fund repairs (Tortajada, 2006) . A relatively low quality of the service combined with a currently low price of water may explain customers' WTP for a better tap water quality. The only slightly surprising result is the negative but non-significant effect for a location in Korea. We expected a positive and significant effect for this country: the National water at the tap but only 1.4% were drinking tap water directly. The rest either boiled water (44%), filtered water (42%), bought bottled water (8%), or used water from wells or other sources (5%). Korean households are not satisfied with tap water but are used to incur expenditures to cope with the bad quality of the water (see also Um, Kwak and Kim, 2002) , which may explain their reluctance to pay a higher price for water provided at the tap.
The impact of these variables is better illustrated by marginal effects (see Table 4 ): our results indicate that moving from the lowest income category to the category just above yields an increase in WTP of 50 euro-cents. Education has at least as important an impact on WTP as revenue. The effect of the attitudinal variables are at least equal to moving from one revenue category to another, and in some cases, even larger. More precisely, and not surprisingly, the computation of marginal effects shows that respondents who are contributors/donors to an environmental organization exhibit a greater WTP (about EUR 1) than the others. Amongst respondents concerned with water quality, those with taste or health concerns are willing to pay about EUR 2.6 more than those with other concerns. 9 This is as expected and in line with previous results on concern with health effects (for example Sun, Bergstrom and Dorfman, 1992) . halshs-00497453, version 1 -5 Jul 2010
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The country specific estimation results exhibit similarities with the pooled data results.
However, the coefficients are less significant in general. Furthermore, the revenue categories appear to be significant for the low income countries (Korea, Mexico), whereas they are not for the high income country (Italy). The opposite seems to be true for the attitudinal characteristics, suggesting that these characteristics mainly play a role in rich countries.
The estimated parameters of the four models were used to assess the willingness to pay for an improved drinking water quality (see Table 5 ). 
Robustness checks
As discussed earlier, these estimates have been obtained under the assumption that respondents who "do not know" are willing to pay nothing for improved tap water quality (on a sample of 3158 observations). This assumption implies a conservative estimate of WTP. We test the robustness of the WTP estimates relative to this assumption by re-computing WTP on the sample for which respondents who do not know have been withdrawn. The restricted sample has 2893 observations. Mean and median estimated WTP are found to be quite robust to the specification (see Table 6 ). Up to now, WTP has been computed based on the sub-sample of respondents who declared not being satisfied with water quality at the tap. One could consider that respondents who expressed satisfaction with water quality are willing to pay zero for quality improvement. We re-estimated the WTP model on the entire sample of respondents (9285 observations overall).
The estimates are not directly comparable since the latter model does not include the indicator variables describing households' concern about health and taste (variables called i_taste_concern and i_health_concern). This is because the question about health and taste was not asked to the respondents who declared being satisfied with the water quality. The mean WTP is estimated at EUR 11.90, which is not that far from the WTP that was estimated on the sub-sample of respondents who declared not being satisfied with water quality at the tap (see Table 7 ). halshs-00497453, version 1 -5 Jul 2010
Conclusions
The analysis of households' willingness to pay for improved water quality indicates that households are on average willing to pay rather small amounts for better tap water quality: for the pooled data the WTP represents 7.5% of the median annual water bill. On the pooled sample, this represents a range of WTP from EUR 7 to 24 (or equivalently from USD 10 to 35) annually per household. The cross-country comparison has to be made with caution, though, because of the specific water quality benchmarks of each country.
These estimates are lower than the ones obtained by Abrahams, Hubbell, and Jordan (2000) on the US and McConnell and Rosado (2000) 
